In the present study, we have used the isogravimetric method for determination of pulmonary capillary pressure and arterial and venous resistances in the isolated lung preparation.
The rate at which fluid transudes through the capillary membrane per unit mass of tissue, that is, the "filtration coefficient," was estimated for the pulmonary capillary membrane by Guyton and Lindsey (6) in a study in which thev caused pulmonary edema in dogs by aortic constriction; this resulted in various elevated levels of left atria1 pressure similar to that which occurs after acute left-sided heart failure. However, the filtration coefficient was estimated from left atria1 pressure changes and not from pulmonary capillary pressure changes. Therefore, c we have utilized the capill ary pressure studies in these experiments to measure the capillary filtration coefficient in a more accurate way.
METHODS
Use of the isogravimetric method required a sensitive weighing d evice for the perfused lung. For this purpose, a beam-type balance was construe ted with a lung platform at one end and a co unterbala .I1 cing systern at the opposite end. The lengths of the lever a rms on the two sides of the fulcrum had approximately a 3: 1 ratio, with the longest arm on the side of the lung platform.
Use of the counterbalancing mechanism allowed increased sensitivity because only weight changes were recorded and not the entire weight of the lung and supporting system. The platform at the lung end was suspended from a wire connected to a Grass type FT-10 force-displacement transducer.
The transducer was connected to a Grass model 7 polygraph for recording weight changes. The balance system was calibrated by placing gram weights on the lung platform.
Sensitivity was adjusted at the polygraph so that the sensitivity at full scale deflection represented a change of 1.25 g on the lung platform. The perfusing system was described and illustrated in a previous paper (3). Briefly, it consisted of Tygon and rubber tubing interconnecting the lung, a venous reser-its height and thereby adjust the venous hydrostatic pressure to various levels. Arterial pressure could be adjusted at the perfusion pump by changing the flow rate.
The blood was oxygenated at the beginning of the experiment by inflating and deflating the lung with air. During the course of the experiment no further oxygenation was required and the lung remained collapsed. Under these conditions, alveolar pressure is zero and the lung is at minimal gas volume. The colloid osmotic pressure of the perfusate was measured with the use of an electronic osmometer (7) in one-half of the experiments.
RESULTS
Pulmonary ca/CUary /v-essure. The technique for obtaining pulmonary capillary pressure can be explained by referring to Fig. 1 . At the start of the measurement, the -: $ $ z ;/ j---+-rflow rate was adjusted to obtain an arterial pressure of 10-l 5 mm Hg. Then the venous pressure was adjusted Fifty-one large mongrel dogs were anesthetized with 30 mg/kg of pentobarbital, and 10,000 units of heparin were given intravenously to each animal. A polyethylene cannula was inserted into a femoral artery, and blood was collected rapidly from the cannula. When approximately 400 ml of blood had been collected, an incision was made in the left intercostal space to expose the lower left lobe of the lung. This lobe was immediately excised, then transferred to the perfusion platform and placed so that the longest dimension lay in the horizontal plane. The pressure transducers were zeroed at the midlevel of the lung. The perfusion system was filled through the open venous reservoir with blood, which required about 300 ml. The pulmonary artery and vein were then cannulated, and the needles for monitoring pressure were pushed into their lumens. Care was taken to remove any trapped air bubbles in the arterial side before starting the perfusion pump. The venous reservoir was suspended by a wire from a motor-driven device which could raise or lower until several isogravimetric states had been obtained. Pulmonary arterial and venous resistance. The slopes of the curves connecting the points in Fig. 2, A record in Fig. 4 . The flow rate was set at a low level (about 20 ml/min) and the pressures were adjusted accordingly to obtain an isogravimetric state. Then the arterial and venous pressures were simultaneously elevated 5 mm Hg and the resulting weight changerecorded. It can be seen that the weight change consists of a steep rapid increase followed by a more gradual upward slope. This effect was also noted by other investigators (10, 12, 13), and it is generally concluded that the initial rapid increase in weight results from alteration of blood volume and that the gradual upward slope represents capillary filtration.
A similar effect can be seen in response to lowering arterial and venous pressure 5 mm Hg (Fig. 5) , except that the changes are now in the opposite direction, Fig. 2 to zero flow. Johnson (10) remarked that this was not a feasible procedure, based on his own findings of alinearity in the vascular resistance of the isolated intestine at diminished flow rates. He attributed this alinearity to autoregulation of blood flow. As indicated in Fig. 2 , arterial and venous resistances were almost completely linear in the isolated lung; therefore, this was not a problem with our experiments. We did not, however, have to extrapolate our curves but, instead, determined each point experimentally all the way to zero flow. Pappenheimer found that the isogravimetric capillary pressure in the hindlimb was l-2 mm Hg less than the colloid osmotic pressure of the blood plasma in the perfusate. He had proposed that they should be essentially equal; the difference was attributed to the presence of protein in the interstitial fluid, which, could not be determined experimentallv.
Tohnson (10) left atria1 pressure elevation per 100 g tissue. Thus, our findings of 0.070 using the isolated lung in the present study confirm the previous results, although, we are now able to relate this in a much better controlled experiment to elevation of capillary pressure. In a previous study of pulmonary edema formation in the isolated lung (3), we were able to calculate the filtration coefficient of the pulmonary membrane in still another way. In these studies, the value found was 0.032 g/ min per mm Hg per 100 g tissue, which was about onehalf the rate found in the present experiments.
However, these former values were determined in edematous lungs rather than in normal lungs, and the experimental procedure necessitated about four times as long a period of perfusion as was required in the present experiments.
In addition, a study by West et al. (15) has shown that perivascular edema produces a "cuffing" effect on the blood vessels in lungs made edematous by elevation of venous pressures. This results in occlusion of the blood vessels and would, therefore, reduce the filtration coefficient proportionally.
In another study Howell et al. (9) observed that the intravascular volume of isolated
